tents seemed to be in safe ranges whereas no chloride necroses symptoms were appeared at banana leaves. Contents of N, P and K as well as Cl in plant leaves were significantly, although in fluctuating manner, affected by increasing chloride occurrence in fertigation solution. The encountered response of N, P and K contents seemed to be not only a resultant of increasing Cl occurrence in the root media but also as a reflection to changing the N form (NH4 and urea) compensating N-NO3 decline in the fertigation solutions having high Cl concentrations. The relatively high supplements of Cl (80:20 followed by 70:30 KCl: KNO3) recorded the highest economical net return. It could be concluded that KCl can be perfectly used in fertigating banana plants grown on sandy soils. To increase safety of using chloride under such conditions, more work could be suggested particularly what concerns with calculating irrigation and leaching water requirements to prevent chloride accumulation in the root zone.
INTRODUCTION
Although potassium (K) hasn't been reported yet to play a direct role in plant cell structure, it is considered as a fundamental macro nutrient in plant nutrition. Plants generally and banana trees particularly require high amounts of K to assure synthesis, transportation and accumulation of sugars and subsequently allowing fruit fill and yield accumulation. Such High demands increase when the cultivated soil is poor in K as known for the sandy soils (Lopez and Espinosa, 1998). The most common sources of potassium for fertigation to horticultural crops as banana trees are potassium chloride (KCl), potassium sulfate (K2SO4) and potassium nitrate (KNO3). Suitability of K fertilizer is usually limited by its price, solubility, accompanying anion and ease of use. Potassium nitrate although acceptable in theory, is scarcely ever used as a sole K source due to its high cost per K unit and liability to lose by leaching. Potassium sulfate, however, has less cost compared to potassium nitrate but scarcely ever used also in fertigation due to its low solubility and capability of admixing with Ca and Mg fertilizers and usually causes emitter clogging. On contrast, KCl is not only the cheapest source for K fertigation, but also the most soluble one (34% at 20 C° ) compared to 31% and 11% for KNO3 and K2SO4, respectively and has the highest K content (62% K2O compared to 46% and 48% for KNO3 and K2SO4, respectively (Wolf et al 1985) . Chloride is an essential plant nutrients involved in several processes taking place in the plant bioactivities including osmotic regulation, photosynthesis by evolution of oxygen in plant system, enzyme activation and transportation of other plant nutrients, plant development, lodging prevention and disease suppression (Freeman et al 2006) . On the other hand, the most negative critical disadvantage for KCl use in fertigation is the chloride toxicity particularly for sensitive and relatively sensitive plants like banana ones (Marschner, 1995) .
Therefore, the main aim of this study was to evaluate the gradual increase in using KCl as compensate for KNO3 in the fertigation solutions used for banana plants grown on a sandy soil. Such evaluation was designed to be accomplished via evaluation of plant growth, fruit yield and nutritional status of banana plants as well as chloride ion accumulation in both plant leaves and rhizosphere.
MATERIALS AND METHODS
This field experiment was conducted during the banana production season of 2005-2006 in a sandy soil at the south El-Tahreer Provenance (110 km North West of Cairo). The plant spacing was 3.5 m between each two rows and 3 m between each two mats to allow 400 mats/ fed. The experiment area was divided into 33 rows (10 mats/raw) containing 25 suckers/ row for the first ratoon plant (2 or 3 suckers per each mat). Each three rows represented three replicates for each treatment. The experimental rows were arranged in the field according to the complete randomized design (CRD). Fertigation treatments were applied at the following 11 combination ratios of K-KCl: K-KNO3. The ratios were 0: 100, 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90 :10 and 100:0 relative to 100% of K requirement during the growth season. Solutions of indicated treatments contained finally 0, 9, 18, 27, 36, 45, 54, 63, 72, 81 , and 90 mg Cl/l, respectively. All banana plants under investigation received irrigation water containing sum of 380kg N/fed, 54kg P2O5/fed and 634 kg K2O/fed throw the whole growth season. To maintain N concentration constant in all designed treatment solutions, CaNO3, NH4NO3 as well as Urea were included particularly when Cl existence increased. Soil samples were collected from the surface and subsurface layers (0-30 and 30-60cm, respectively) at the start of the experiment and subjected to determination of some physical and chemical properties according to Jackson (1973) as shown in Table (1) . Another soil sampling was done at the end of growth season to evaluate chloride accumulation in the root zone. Samples of plant leaves samples were collected at flowering stage and oven dried at 70 C° to be then milled and wet digested using H2SO4-H2O2 method (Cottenie et al 1982) . Contents of N, P and K were measured in the obtained digests according to (Cottenie et al 1982) . Number of leaves and pseudostem diameters of treated banana plants were recorded monthly to express growth status as described by Deolankar and Firake (2001). At harvest, bunch weight, number of hands/ bunch, number of fingers/ hand as well as diameter and length of fingers were recorded to express production and quality of fruit yield.
RESULTS AND DISCUSSION
Accumulated changes in the diameter of pseudo stems and number of leaves during the growth season of banana plants were calculated as a response of increasing Cl concentration in the fertigation solutions Table ( 2). Data show that increasing KCl up till 50 % of K requirements (50: 50 KCl: KNO3) did not only increase significantly the diameter of pseudo stems but also accelerated the response from the beginning of growth season particularly at June month; treatments of 70:30 and 90:10 KCl:KNO3 ratio had also a similar trend. Using KNO3 or KCl alone as a sole source for K fertigation proved to be significantly inferior for growth of banana stems. A similar trend was also encountered for the response of number of leaves where superiority was significantly recorded for the treatment of 70:30 followed by 80:20 and 90:10. Obtained results were in agreement with those obtained by Johnes and Vimpany (1999) who reported that using KCl in banana fertigation didn't cause negative effects but, to some extent, encouraged plant growth particularly under stressed water regimes and concluded that Cl may enhance water use efficiency by banana plants.
Obtained superiority of some KCl treatments was proved through calculating the regression coefficients for the response of both pseudo stem diameters and leaves number. Although leaves number proved to be less sensitive than stem diameter to increasing KCl:KNO3 ratio, 10:90 followed by 50:50 and 70:30 as well as 70:30 followed by 80:20 and either 90:10 or 10:90 ratios were most stimulating treatments for increasing stem diameter and leaves number, respectively.
As response of fruit yield was regarded obtained data ( Table, 3) indicated that bunch weight as well as number and length of fingers were less sensitive to increasing KCl: KNO3 ratio. Number of hands/bunch and diameter of fingers were significantly more positively sensitive to increasing KCl existence. Treatment of 80:20 KCl: KNO3 proved to be the most significant superior one for all measured yield parameters. These findings were not surprised where in a previous study for strawberry plants under same conditions carried out by Ibrahim et al (2004) revealed that increasing KCl: NO3 uptill 50 days 70:30 in the fertigation solutions did not substantially inhibit but relatively increased growth and fruit yield of strawberry plants. Of course, as well known, due to the high salt and chloride sensitivity of strawberry, compared to banana plants, the encountered tolerance of banana plants to increasing chloride existence seemed to be reasonable and logic. Similar patterns for the effect of KCl fertigation on yield of some crops were previously obtained by several authors; some of which are Ibrahim, 1992 for tomato plants; Ibrahim et al 1995 for strawberry plants. Such positive action encountered for chloride may be attributed to enhancement of water upward movement within plants which, of course, plays an important role in translocating the assimilated nutrients within plant tissues resulting in a good distribution of the assimilates particularly sugars and other carbohydrates to fruits to cause finally good filling of yield banana bunches.
Data in Table ( 4) show the response of N, P and K as well as Cl contents to increasing ratio of KCl: KNO3 in fertigation solutions. In this concern, P content in banana leaves was stimulated significantly as the Cl existence in the nutrient solution increased. The ratio of 70:30 followed by 80:20 KCl:KNO3 was the most superior one; opposite to that, high and relatively high NO3 existence in the fertigation solution significantly diminished P content in the banana leaves. This, in fact, was not unexpected due to what is well known about the competition phenomena where phosphate ions were found repeatedly to be competed by NO3
-and Cl -ions, while and NO3 -ions are the most competing (Marschner, 1995) . Incorporating NH4 ions in fertigation solutions containing reltively high Cl concentrations appeared some sort of synergism phenomenon in activation of P uptake. Other explanation to this pattern may be related to the positive role of Cl -ions in enhancing the transpiration upward stream within plant xylem, (Imas and Magen, 2004) .
Contents of N and K, however, showed patterns could be as expected dependent not only on the level of Cl -in the nutrient solution but, to large extent, on the form of the fertigated N where NH4 and/or urea N-forms were incorporated in the irrigation solutions to compensate KNO3 decreasing as the Cl existence increased. In other words, at low Cl existence (high NO3 existence), N and K contents in plant leaves were significantly high compared to treatments containing high Cl existence (low NO3 presence meaning high NH4 occupation). The highest existence of NO3 and Cl was inferior to nutrient content particularly K and P in case of 100% NO3 as well as N in case of 100%Cl. In fact, such fluctuated patterns may be related again to the physiological influences of the fed-N form. Form of NO3 usually increases pH of rhizosphere via extrusion of OH -ions which decline the uptake of phosphorus and potassium (Marschner, 1995) .
Opposite to the fluctuated response of N, K and to some extent P and Cl contents in banana leaves increased gradually and significantly as Cl existence in fertigation solutions increased. Although high ratio of KCl:KNO3 treatments resulted in relatively high contents of Cl, it seemed to be still in the normal range. It is worthy to mention that no leaf tip burns were observed on banana plants throw the whole growth season. Concerning Cl accumulation in plant root zone of banana as affected by different KCl:KNO3 combination ratios, data in Table (5) showed significant Cl accumulation in the both tested layers with increasing Cl concentrations in irrigation water. This increase was more pronounced in the surface soil layer. Such increments in Cl accumulation particularly at the 0-30 soil layer ( the most active layer for banana roots, Robinson and Alberts, 1989) may suggest some defects in the adopted system particularly what concerns with calculation and scheduling water requirements (irrigation and leaching). An additional work seemed to be required in this concern to prevent building up of Cl ions throughout the cultivated soil profiles.
Finally and to make the results more trust particularly for plant growers, a simple economical evaluation was carried out to fertilization costs during the 1 st ratoon of banana plants as shown in the Table (6). Such evaluation showed that the fertilization cost of the 1 st ratoon of banana plants in LE /fed during growth season decreased mark edly and gradually with increasing KCl:KNO3 ratio in the fertigation system. The maximum decrease in fertilization cost reached 56-60% of the initial fertilization cost (100%NO3). The highest net return was recorded to the treatment of 80:20 followed by 70:30 KCl:KNO3 ratios.
From the above mentioned results, it could be noted that banana plants responded positively to fertigation with different combinations ratios of KKCl:K-KNO3 from both economical and biological aspects. Therefore, it could be concluded that fertigation with low price and high water soluble KCl as a main source of potassium requirements is recommended for banana plants grown on sandy soils and irrigated with water low in salinity and chloride content without any sever effects on banana crop yield and quality. combination ratios and relative to 0/100=100 *Net return = yield price -fertilization cost.
